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Description 

The present invention relates to a semi-permeable composite membrane with a porous earner substrate on which 
a polymer network obtained by interfacial polymerisation is applied, said network comprises an additional polymer and 
5 a process tor manufacturing such semi-permeable membrane. 

J. Macromolecular Science, vol.A15, no.5, 1981, pages 727-755 discloses semi-permeable composite membranes 
by means of an interfacial technique, however wherein merely reactive and ionic polymers are used as additives in 
order to improve the membrane properties such as the retention. 

Such semi-permeable composite membrane is known from the European patent application 0 311 91 2. As porous 
10 carrier one uses herewith preferably a polysulphone. On the porous carrier polymela-phenyiene tetrahydrofuran 
2,3,4,5-tetra-carboxamide is applied by interfacial polymerisation. Such membranes are suitable for use in aqueous 
systems, in particular for removing salts from aqueous solutions. 

From the European patent application 0 275 027 is known that one may remove by reverse osmosis materials 
which are dissolved or dispersed in a solution or dispersing medium.wherein said materials are separated from the sol- 
15 vent respectively dispersing medium. The membranes used herein are selective permeable for certain components of 
the mixture to be separated. The known processes and membranes here described are particularly developed for sep- 
aration processes in water. Herein an aqueous feed solution is brought in contact with a surface of the reverse osmosis 
membrane under pressure. The water permeability of the membrane is promoted by the applied pressure. 

Membranes in general may be prepared from a polymer, for example polyamide, as described in the US patent 
4,277,344. Rom more recent developments it has appeared that thin film composite membranes in particular are suit- 
able for reverse osmosis. Such membranes which have a good salt retention are described in the US patents 4,520,044 
and 4,606,943. 

The US patent 4,769,148 describes thin film composite membranes for reverse osmosis which membranes are 
manufactured by interfacial polymerisation of a potyf unctional primarily water sol uble p rimary or secondary amine in an 
25 aqueous solution with a relatively water insoluble polyfunctional acyl halide in an organic solvent. 

Thin film composite membranes are in general prepared by interracial polymerisation. Mostly one uses reactions of 
polyfunctional amines with polyfunctional acid halides or polyfunctional isocyanates. 

In a known process a porous carrier substrate, in general a polysulphone ultra-filtration membrane is coated with a 
solution of one of the components whereafter the so coated membrane is brought in contact with a solution of the other 
so reactive component wherein the respective solvents are inmiscible. 

The reaction occurs at the interface wherein a thin polymer film with separation properties is obtained. 

For ultra-filtration membranes in general the membranes are manufactured by the phase inversion technique. Such 
membranes may also be used as carrier substrates for the manufacture of thin film composite membranes. 

Examples of such membranes are described in the US patents 3,926,798 and 4,039,440. 
35 Sometimes one uses carrier substrates with big pores like microporous polypropylene (Celgard) and membranes 
prepared by the process of the US patent 4,798.847. 

For gas separation processes there is a need for a separation layer which is as thin as possible. In general it is par- 
ticularly difficult to directly obtain good results by the known processes in the manufacture of homopolymer membranes. 

In this connection reference is made to the known US patent 4,230,463 wherein the membrane imperfections are 
blocked with a coating of polypheny! methyl siloxane. 

This process is used to approach as good as possible the intrinsic polymer separation properties. 

Processes for the preparation of interfacial polymerisation composite membranes from siloxane polymers are 
described in the US patent 4,493,714. 

These membranes primarily have the same properties as silicone membranes manufactured by solution deposit as 
4s described in the US patent 4,581 ,043 with this difference that possibly the thickness of the composite layer is thinner 
whereby productivity may be higher. 

■ Increase of the separation factors for gas separation comprises the use of more densed polymer structures which 
may be obtained by treatment of the above-mentioned membranes by plasma coating as described in the US patent 
2,191,502. 

so Composite membranes with a homogeneous coating are also used for reverse osmosis or ultra-filtration processes 
for th separation of solvents. A fluorine containing silicone coating is described in the US patent 4,748,268. 

An example of such processes for the preparation of membranes for use in pervaporation may be found in the Euro- 
pean patent application 0 312 378. 

The use of homopolymers for membrane applications has various disadvantages. 
ss in the first place, the choice of polymers is restricted in particular in the cases where the membrane is in contact 
with liquids like in reverse osmosis, ultra-filtration and pervaporation. The choice herein is restricted to polymers which 
do not dissolve or do not excessively swell in the disperging medium or which hav functional groups which are capable 
of causing cross-links. 
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So, for example, polyvinyl alcohol is only suitable as a pervaporation or reverse osmosis membrane lor aqueous 
applications after a cross-links since otherwise the polymer would dissolve. 

Another example is the use of polydimethyl siloxane as a membrane for removing lubricating oil (dewaxing) from a 
mixture of methyl ethyl ketone and toluene. Composite membranes with a polydimethyl siloxane coating show in such 
medium a too excessive swelling whereby they cannot be used. To avoid this problem one should, for example, use a 
fluorized siloxane polymer. 

The use of interfacial polymerisation is also restricted since the used monomers or prepolymers always should con- 
tain polyfunctional reactive groups which may react at the interface. 

The present invention aims to use a great number of polymers as membrane material, also in those cases where 
they cannot be provided with reactive groups or where they will swell excessively or dissolve in the dispersing medium 
respectively solvent with retainment of the possibility of obtaining thin membrane layers. 

Herefor the present invention provides a semi-permeable composite membrane with a porous carrier substrate 
whereon a polymer network obtained by interfacial polymerisation is applied, said network comprises an additional pol- 
ymer, characterized in that said additional polymer which is a non-reactive and non-ionic polymer is dissolved in the 
water phase or in the organic phase, from which said interfacial polymerisation occurs, which additional polymer is 
molecularly entangled in said network and influences in particular the selectivity and the permeability of the composite 
membrane. 

The additional polymer present in the network may provide that the respective semi-permeable composite mem- 
brane, for example, has good fluxes since the said additional polymer shows a good solubility or swelling, which poly- 
mer usually would not be suitable for the manufacture of membranes. In the manufacture of the present membranes the 
additional present polymer is dissolved in one of the two solutions for the manufacture of the membrane by interfacial 
polymerisation. 

Furthermore it is noted that surprisingly it has appeared that the first-mentioned additional polymer not only pro- 
vides an instrument to influence the flux but also the retention which membrane properties are of great importance in 
the used separation processes. 

The additional polymer present in the polymer network is a non-reactive polymer. 

As non-reactive (and non-ionic) polymer one uses preferably polyalkyf siloxane either branched or not with the for- 
mula 

R 
I 

- (Si - 0)- n 

»t 

wherein R and Rj independent of each other represent a C-1-C20 alkyl or aryi group either substituted or not and n is an 
integral of 20-50.000 or a copolymer thereof. 

The pdyalkyl siloxane of the invention preferably is a polydimethyl siloxane with terminal trimethyl salyf groups. 

In another favourable embodiment of the semi-permeable composite membrane of the invention the non-reactive 
polymer is a polyacrylate or polymethacrylate with the formula 



-<CH 2 - C -) 5 

C m 0 
I 

OR3, 



wherein R 2 - H or CH 3 and R3 is alkyl with 1-20 carbon atoms either branched or not, while n is an integral of £ 10. 

Another favourable non-reactive (and non-ionic) polymer is a polyolefine either branched or not like for example 
polyisobutylene, pdyisoprene or polybutadiene. 

Further favourable non-reactive (and non-ionic) polymers are for example a block copolymer of sty rene-butadiene- 
styrene, styrene-isoprene-styrene, styrene-ethylene-butylene etc. 
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Furthermore, according to the invention a cellulose acetate also appears to be -favourable as non-reactive (and 
non-ionic) polymer in the scope of the invention. 

Finally, it appears that a polyalkyiene oxide, in particular polyethylene oxide with the formula (CH2-CH 2 -0) n) 
wherein n is an integral of * 20 gives good results when this non-reactive polymer is present in the semi-permeable 
s composite membrane. 

In general the polymer regulating the membrane properties is present in the polymer network in a quantity of 5- 
90%, by weight, and preferably in a quantity of 10-60%, by weight, related to the total weight of the network. 

Finally, the invention comprises a process for the manufacture of a semi-permeable membrane by coating a porous 
substrate with a polymer network obtained by interfacial polymerisation, characterized in that the porous substrate is 
10 treated with a solution of at least a reactive polyfunctional monomer or oligomer or prepolymer with as reactive groups 
-NHR4 (R4 a H or alkyl with CrC2o), -OH or -SH and eventually a surfactant in water, whereafter the so treated sub- 
strate is further treated with a solution of at least one reactive polyfunctional monomer or oligomer or prepolymer or pol- 
ymer with as reactive groups -COX, -S0 2 X, -POXR 5 , -NRgCOX or -NCO, wherein X » CI, Br or I, while R 5 and R$ are 
an alkoxy group or alkyl group with 1-16 carbon atoms, preferably 1-5 carbon atoms in a suitable organic solvent 
15 wherein a non-reactive and non-ionic polymer regulating the membrane properties, prior to the treatment of the sub- 
strate with the aqueous solution of the said reactive components is added in an amount of 5 - 90%, by weight, and pref- 
erably in an amount of 10 - 60%. by weight, related to the total weight of the network to that solution in case the polymer 
is soluble in water, whereas in case the polymer dissolves in an organic solvent, this is added to the organic solution of 
the said reactive components whereafter the so treated substrate is dried and subsequently is or is not subjected to a 
heat treatment 

It is noted that in the preparation of the semi-permeable membrane of the invention the respective porous substrate 
is coated with a polymer network obtained by interfacial polymerisation starting from two phases, namely an organic 
phase with therein a reactive component as above-mentioned and an aqueous phase containing a water soluble reac- 
tive component which form after contacting each other a network. Prior to the interfacial polymerisation an additional 
25 polymer, usually a non-reactive polymer, is added to one of the phases which polymer is captured in the network 
obtained by interfacial polymerisation and cross-links. 

The additional polymer, a non-reactive (and non-ionic) polymer, is insolubilized in the network wherein the swelling 
in the network is restricted to a value dictated by the network formed by the interfacial polymerisation reaction. 

An additional advantage is that a particularly thin separation layer is formed which is difficult to obtain with other 
30 techniques like dip-coating or "kiss-ro II "-coating . An eventual polymer surplus can be removed by washing with a suit- 
able solvent, while a thin layer of the desired polymer remains entangled in the formed network. 

In examining the reverse osmosis membranes for the separation of n-docosane from hexane, for example, it has 
appeared that when using a prepolymer of Polymeg (= pofy(tetramethytene ether glycol)) with terminal isocyanate 
groups in the organic phase and an amine in a water phase under addition of a non-reactive polymer in the form of sil- 
35 icone to the organic phase the molecular weight of the Polymeg is of importance. 

When using Polymeg with a molecular weight of 650 no flux could be observed, whereas the use of Polymeg with 
a molecular weight of 1.000 gave good results concerning the flux. When using Polymeg with a molecular weight of 
2.000 very high fluxes were obtained but with a decrease of the retention. 

From the foregoing it appears clearly that the density of the network wherein the silicone is captured is of impor- 
tance. It is surprising that the fluxes strongly increase by adding siloxane in a dense network with retainment of the 
desired retention values. 

However, when the network is too loose like for example with Polymeg 2.000 the silicone may swell too much 
thereby losing its performance. 

When to a network built from an isocyanate terminated polydimethyl siloxane and a low molecular amine, which 
45 network has per se gas separation properties similar to normally used PDMS layers, an addition of pdy(1-(tri methyl 
silyQ-1-propyne is done, it is observed that the gas permeability strongly increases whereas the separation factor 
decreases somewhat Here the permeability primarily is determined by the added polymer showing a 1 0 x higher per- 
meability in relation to a polymer known from the literature. 

By the present cross-links process these membranes are also suitable tor membrane application entirely or par- 
se tially taking place in a liquid medium. 

It has surprisingly appeared that by the present process various polymers may be used which otherwise are unsuit- 
able for the manufacture of a membrane provided one combines these polymers with a membrane network obtained by 
interfacial polymerisation. The so formed effective layers are extremely thin in the order of magnitude of 0.05-0.5 \m. 
which membranes are particularly suitable for the manufacture of gas separation membranes. 
55 it is noted that the present membranes are particularly suitable for various separation purposes like reverse osmo- 
sis, gas separation, separation of organic liquids and for separation aqueous solutions. 

The following non-reactive (and non-ionic) polymers are suitable for use for reverse osmosis in aqueous systems: 
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mixed cellulose esters like cellulose acetate butyrate (CAB), partially hydrolized CAB; 
ethyl cellulose. 

The polymers are dissolved in the organic phase or the water phase. As long as the polymers satisfy this solubility 
requirement they may be used in principle. 

For non-reactive polymers which are not soluble in solvents used in the interiacial polymerisation like aromatic 
polyamides, polypiperazine amides, polyhydrazides, polybenzimidazoles, etc. the possibility exists of still adding them 
by effecting such modification on the polymer that they shew a suitable solubility in the organic phase or in the water 
phase. 

The use of polymers in for example the water phase like for example for Nation copolymers in an alcohol/water mix- 
ture also offers a possibility of introducing the polymer in the network obtained by interfacial polymerisation. 

Examples of non-reactive polymers for reverse osmosis in non- aqueous systems are those already having a high 
affinity for the medium to be used in the reverse osmosis non-aqueous application: 

- Elastomers with a high aff inrty relative to for example toluene like polyether urethanes, polyisobutylenes, polybuta- 
dienes, chlorinated polythenes, sulphonated polythenes, acrylic elastomers, polyepichlorhydrines, styrene butadi- 
ene rubber, butyl rubber, isoprene rubber, ethylene propylene rubber, neoprene rubber, chloroprene rubber, 
silicone rubber, urethane rubber; 

- thermoolasts with a hioh affinity relative to for example toluene like polystyrene, chlorinated polyvinyl chloride; 

- polymers w ith a high affinity for alcohols (methanol, ethanol, butanol) : the polymers should be soluble in the water 
phase or in the organic phase, for example: 

- poly-N-methyl-N-vinyl acetamide soluble in the water phase; 

poly(N,N-di methyl acrylamide) soluble in methanol and with water at 40°C as water phase; 
poly(methyl tert-butyi fumarate) soluble in methanol and with benzene or chloroform as organic phase; 
poly(N-(l , 1 -dimethyl-3-oxobutyOacrylamide) soluble in butanol and with toluene as organic phase; 

- polyflsobutyl methacrylate) soluble in ethanol (hot) and in isopropanol above 23,7°C and with tetrachloro methane 
or n-hexane as organic phase. 

When using the membranes for pervaporation purposes suitable polymers like poiyurethane urea may be used as 
non-reactive polymer. 

When using the membranes for gas separation gas separation properties of the added polymer may be called for, 
for example, supposing that the polymer is present as a thin separation layer, whereas the network polymer is badly per- 
meable or impermeable for the gasses and is located in the separation layer or is located under the separation polymer 
layer and also is permeable for the gasses (not gas selective). 

Also exists the possibility that the polymer hardly can form a solid aggregate state with own polymer chains but 
aggregate formation occurs with the polymer segments of the network. 

Of certain elastomers it is difficult to obtain thin coating layers on microporous backgrounds by dip-coating. Baker 
et al. [J. Membrane Sci.. 31 (1987) 259] state this for the elastomers: chloroprene, chloro sulphonated polythene 
(Hypalon) soluble in toluene, Fluorel, fluoro elastomer, polyacrylonitrile butadienes, silicone polycarbonate (General 
Electric Co.), e.g. "a sticky, rubbery material such as Hypalon is very difficult to manufacture into defect-free films.", 
page 270. 

Trichloro ethane/N^ or acetone/N^ vapor mixtures lend themselves for separation with Hypalon. Addition of 
Hypalon to a poiyurethane network perhaps leads to gas separation membranes therefor. 

Under the term "retention" should be understood a value obtained by the following equation: 

Retention substance X (in %) . (i - conce ^ on ****** * j" *g j^rmeate , x 10Q 

concentration substance X in the feed ' 



Under the term "flux" should be understood the quantity of permeate in liters passed by the membrane per m 2 dur- 
ing one hour at a certain working period. 

The invention is further explained by the following non-limiting examples. 

Example I 

In a 1 liter round bottom provided with a distillation mount and a needle guide with a rubber septum were introduced 
9.1 g (7.8 mmoles) of poly(teframethylene ether glycol) (Polymeg 1000°). Quaker Oats Co.; OH contents 1.73 
mmoles/g) and 915 ml of toluene (pro analyse, Merck). From this solution under nitrogen atmosphere about 240 ml of 
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a mixture of toluene and water was removed by azeotropic distillation. Subsequently, the distillation mount was replaced 
by a reflux condenser while the solution remained under nitrogen atmosphere. To this solution were successively added 
by a syringe 2.75 g (15.8 mmoles) of toluene diisocyanate (T-80 R , Bayer), i.e. molar ratio Polymeg 1000/T-80 = 1/2 and 
0.09 g of [CH 3 (CH2) 10 CO2]2 Sn[(CH 2 )3CH3] 2 as catalyst. Subsequently, the reaction mixture was stirred during 3,5 

5 hours at 65-70°C. The resulting yellow brown solution contained 2.0%. by weight, of prepolymer and a free toluene 
diisocyanate contents of about 15% (on the basis of GPC analysis after modification with di-n-butyl amine). 

A wet flat support membrane of polyimide (0.35 x 0.1 2 m) prepared from a 1 6%, by weight, solution of a polyimide 
type (Lenzing P84) in DMF was applied to a cilindrical immersion body made of teflon. This support membrane was 
immersed during 15 minutes in a water phase with 1.0%, by weight, of NHg-CHgCHgCHg-NH-CUgCHa-NH- 

w CH2CH 2 CH2-NH 2 , 0.05%, by weight, of poly(vinyl alcohol) (Mowiol 4-88* Hoechst) and 0.04%, by weight, of sodium 
dodecyl sulphate as surfactant. Subsequently, the membrane was removed from the water phase and the excess of 
aqueous solution at the lower side was removed with filtering paper. After a dripping period of about 7 minutes the mem- 
brane was transferred in an organic phase comprising toluene with therein dissolved 0.5%, by weight, of above-men- 
tioned prepolymer and as additional non-reactive polymer 0.75 g of a poly(dimethyl siioxane) with terminal trimethyl silyi 

15 groups (Ak-Ol 100.000, Wacker Cherrde) per gram prepolymer. The membrane was in the organic phase during 1 
minute. Subsequently, the membrane was dried 5 minutes at room temperature and thereafter 15 minutes in an air cir- 
culation oven at 90*0. The obtained membrane contained a polymer network with therein entangled the non-reactive 
Ak-Ol. 

The reverse osmosis properties of this membrane were determined at room temperature and at a pressure of 40 
bar in a solution comprising n-hexane with therein dissolved 1 .0%, by weight, of n-docosane (molar mass 31 0.6 dalton) 
with as result a n-hexane flux of 52 l/rrr^/h and a n-docosane retention of 73%. 

Compgrglive Example IA 

25 The procedure of example I was repeated on the understanding that the organic phase did not contain Ak-Ol. This 
membrane did not show a n-hexane flux in a reverse osmosis experiment as described in example 1. 

From the foregoing appears dearly the favourable effect of the non-reacfrve polymer Ak-OI on the hexane flux and 
n-docosane retention. 

30 Example II 

In an analogous manner as described in example I a 3.26%, by weight, solution was prepared of a prepolymer pre- 
pared from toluene diisocyanate (T-80) and a polybutadiene with terminal hydroxyl groups (PBD 2000, Poly Sciences; 
OH contents 1.25 mmoles/g). Subsequently, in the manner described in example I a composite membrane was pre- 
35 pared. The water phase contained 0.5%, by weight, of the amina The organic phase comprised toluene with therein 
dissolved 2.0%, by weight, of above-mentioned prepolymer on the basis of PBD 2000 and 0.75 g of Ak-Ol as non-reac- 
tive polymer per gram prepolymer. 

The reverse osmosis properties of this membrane were determined at room temperature and at a pressure of 40 
bar in a solution comprising toluene with therein dissolved 1 .0%, by weight, of n-docosane with as result a toluene flux 
of 97 l/rr^/h and a n-docosane retention of 53%. 

Comparative Example IIA 

The procedure of ©cample II was repeated on the understanding that the organic phase did not contain Ak-Ol. This 
45 membrane did not show toluene flux in a reverse osmosis experiment as described in example II. 

From examples II and IIA appears the favourable effect of the non-reactive polymer Ak-Ol on the toluene flux and 
n-docosane retention. 

Example HI 

50 

One proceeds in the manner described in example I in the preparation of a series of composite membranes (llla- 
llld). The organic phase comprised toluene with therein dissolved 1.0%, by weight, of the prepolymer mentioned in 
example I and 0.75 g per gram prepolymer one of the non-reactive polyolefines mentioned in table A. The results of the 
flux and retention capabilities of a solution ol 1.0%, by weight, of n-docosane in toluene at room temperature and at a 
55 pressure of 40 bar are mentioned in table A. 
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Comparative Example MA 

The procedure of example III was repeated on the understanding that the organic phase only comprised 1.0%, by 
weight, of the prepoiymer mentioned in example I. The results of the flux and retention measurements of a solution of 
1 .0%, by weight, of n-docosane in toluene and at room temperature at a pressure of 40 bar are mentioned in table A. 

When comparing the results of example III and III A it appears that the non-reactive polymer namely polyolefine has 
a significant influence on the n-docosane retention and the toluene flux. 

Example IV 

In an analogous manner as described in example I a 3%, by weight, solution of a prepoiymer was prepared from 
toluene diisocyanate (T-80) and polypropylene glycol (PPG 1000. Janssen Chimica. Belgium; OH contents 1.89 
mmoles/g). Subsequently, in the manner described in example I a composite membrane was prepared. The organic 
phase comprised toluene with therein dissolved 1 .0%, by weight of above-mentioned prepoiymer on the basis of PPG 
1 000 and as non-reactive polymer 0.75 g of Ak-OI per gram prepoiymer. 

The reverse osmosis properties of this membrane were determined at room temperature and at a pressure of 40 
bar in a solution comprising n-hexane with therein dissolved 1 .0%. by weight, of n-docosane with as result a n-hexane 
flux of 1 23 l/m 2 /h and a n-docosane retention of 73%. 

Comparative Example IVA 

The procedure of example IV was repeated on the understanding that the organic phase did not contain Ak-Ol. This 
membrane did not show a n-hexane flux in a reverse osmosis experiment as described in example IV. 

The mentioned examples IV and IVA clearly demonstrate the influence of the non-reactive polymer on the n-hex- 
ane flux and n-docosane retention. 

Example V 

An isocyanate terminated prepoiymer was prepared from hydroxyl terminated polymer-a.co.bis(hydroxy pro- 
pyOpolydimethyi siloxane in the manner described in examples I to IV. 

In the usual manner a composite membrane was made on a suitable carrier. 

To the organic phase in toluene was added as non-reactive polymer 1 g of fluoro silicone (Shin-Etsu X31 -699) per 
gram prepoiymer. 

The water phase comprised 1%, by weight, of N4 (= N,N'-bis-(3-amino propyl ethylene diamine) with the usual 
additions. 

As a control a membrane was made without the addition of fluoro silicones (comparative example VA). 
Tests on a mixture of 33% spindle oil, 33% methyl ethyl ketone and 33% toluene gave the following results at a tem- 
perature of 25°C and a pressure of 40 bar: 





flux (l/m 2 /!*) 


retention spindle 
oil 


Example V 
Example VA 


62.5 
70 


99.5% 
80% 



From this example it appears that by adding fluoro silicones as non-reactive polymer to the membrane the retention 
of spindle oil is 99.5% in relation to 80% without addition. The flux, however, is somewhat lower, namely 62.5 in relation 
to a membrane without addition, namely 70, but still sufficient for a justified operation. 

Example VI 

The procedure of example I was repeated on the understanding that the organic phase comprised toluene with 
therein dissolved 1.0%, by weight, of the prepoiymer mentioned in example I and 0.75 g per gram prepoiymer of a 
copolymer built from 80%, by weight, of isobutyl methacrylate and 20%, by weight of methyl methacrylate. The results 
of the flux and retention measurements of a solution of 1 .0%, by weight, of n-docosane in toluene at room temperature 
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Table A 
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Example 


Additional non-reactive polymer 
0.75 g/g prepolymer 


loll i An a flnv l/m^/h 

IUIUCI It? 1 IUA Kill /II 


Roto nii nn n-rSrw^ncana 
nciciitiuii iruuuuoaiio 




MIA 


none 




204 


60 




Ilia 


Oppanol B50 


a) 


73 


85 


10 


II lb 


CarrtlexTR 1101 


b) 


67 


89 




life 


KratonQ 1605 


c) 


31 


91 




Illd 


Carrflex TR 1107 


d) 


68 


84 


15 


VI 


see example VI 


24 


88 



a. Foly(isobuty!ene) M.W. = 400.000 (BASF) 

b. Styrene- butadiene- styrene-block copolymer (Shell) 

c. Styrene-ethytene/butylene-styrene-biock copolymer (SheD) 

d. Styrene- iscprene-styrene-biock copolymer (Shell) 



This example demonstrates the favourable effect of the non-reactive polymer on the retention of n-docosane at a 
decrease of the flux to a value which in economic aspect is totally acceptable. 

& Example VII 

The procedure of example I was repeated on the understanding that the water phase contained 0.5%, by weight, 
of the amine. The organic phase comprised toluene with therein dissolved 1.0%. by weight of the prepolymer men- 
tioned in example I and as non-reactive polymer 0.75 g of poly(ethylene oxide), (M.W. 100.000, Aldrich) per gram pre- 
30 polymer. 

The reverse osmosis properties of this membrane were determined at room temperature and at a pressure of 40 
bar in an aqueous solution with 1.0%, by weight, of sucrose with as result a water flux of 24 kg/rrr^/h and a sucrose 
retention of 60%. 

35 Example VIM 

The procedure of example I was repeated. The water phase comprised besides 0.5%. by weight, of NH 2 - 
CH2CH 2 CH2-NH-CH 2 CH 2 -NH-CH 2 CH2CH2-NH 2 , 0.05%, by weight, of poly(vinyl alcohol) (Mowiol 4-88 R , Hoechst) and 
0.04%, by weight of sodium dodecyl sulphate as surfactant As non-reactive polymer 0.75 g of cellulose acetate per 
gram used prepolymer was added to the organic phase. The organic phase comprised toluene and dissolved therein 
0.5%, by weight, of the prepolymer mentioned in example I. 

The reverse osmosis properties of this membrane were determined at room temperature and a pressure of 40 bar 
in an aqueous solution with 0.1%, by weight, of NaCI with as result a water flux of 15 kg/m 2 /h and a NaCI retention of 
80%. 

4S 

Comparative Example VIHA 

The procedure of example VIII was followed on the understanding that no cellulose acetate was used. This mem- 
brane did not show water flux in a reverse osmosis experiment as described in ©cample VIII. 

BO 

ExgmplelX 

The procedure of example I was followed in the preparation of a series of composite membranes (IXa-IXc). The 
organic phase comprised toluene with therein dissolved 1 .0%, by weight, of the prepolymer mentioned in example I and 
ss as non-reactive polymer a quantity of Ak-Ol varying from 0, 0.75 to 0.98 g per gram prepolymer. respectively. 

The reverse osmosis properties of these membranes were determined at room temperature and at a pressure of 
40 bar in a solution comprising n-hexane with therein dissolved 1 .0%, by weight, of n-docosane. The results are men- 
tioned in table B. v 
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Table B 



Example 


Non-reactive polymer 
Ak-Ol g/g prepolymer 


n-Hexane flux l/m 2 /h 


Retention n-docosane 


IXa 


none 


0 




IXb 


0.75 


27 


72 


IXc 


0.98 


52 


71 



From table B appears the favourable effect of the used non-reactive polymer on the flux 
Example X 

The procedure of example I was repeated in 1he preparation of a series of composite membranes (Xa-Xd). The 
organic phase comprised toluene with therein dissolved 1 .0%, by weight of the prepolymer and as non-reactive poly- 
mer a quantify of Ak-OI varying from 0, 0.25, 0.50 and 0.75 g per gram prepolymer, respectively. 

The reverse osmosis properties of these membranes were determined at room temperature and at a pressure of 
40 bar in a solution comprising toluene with therein dissolved 1.0%, by weight of n-docosane. The results are men- 
tioned in t£ble C. 



Table C 



Example 


Non-reactive polymer 
Ak-Ol g/g prepolymer 


Toluene flux Ifnfifh 


Retention n-docosane 


Xa 


none 


17 


84 


Xb 


0.25 


45 


85 


Xc 


0.50 


49 


80 


Xd 


0.75 


68 


77 



From comparing the results of example X it appears that as the concentration of the non-reactive polymer Ak-Ol in 
the organic phase increases the toluene flux of the resulting membrane increases at nearly constant retention. 

Example XI 

An isocyanate determined prepolymer prepared from a,a>-bis(hydroxyl propyOpolydimethyi siloxarte (OF 1025; 
Goldschmidt; M.W. 2185) and toluene diisocyanate (T-80) in a 1/2 molar ratio was used in a quantity of 1.24%. by 
weight, in the organic phase, namely: 1,1,2-trichloro trifluoro ethane (s.w. 1.575). 

In the water phase 1%, by weight, of N4 (= N,N'-bis-{3-amino propyl ethylene diamine) was used. 

As carrier membrane was used a polyirrdde type prepared from a 16%, by weight, solution (Lenzing P84) in DMF. 
Addition of 1 g poly- 1-(tri methyl silyl)-1-propyne (PMSP) as non-reactive polymer per gram prepolymer in the organic 
phase led to modified measurement values for the pressure normalized N 2 and 0 2 flux values of the composite mem- 
brane. The results are mentioned in table D. 



Table D 



Prepolymer %, by 
weight 


Non-reactive poly- 
mer g/g prepoly- 
mer 


N4 water phase %, 
by weight 


Organic phase sol- 
vent 


P/1 (N 2 ) 
mole/m 2 .s.Pa(cm 3 
[STP] / cm 2 .s.cm 
Hg) 


O2/N2 


1,24 




1.0 


freon 


9.3.10* 8 (2.78.10* 4 ) 


2,20 


1.24 


1,0 


1,0 


toluene 


^.lo^temio- 3 ) 


1,60 
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Example XII 

In an analogous manner as described in example I a composite membrane was prepared wherein in the water 
phase 0.2%, by weight, of H 2 N-CIH2CH2CH 2 -NH^H2CH2-NH-CH 2 CH2CH2-NH 2f 0.05%, by weight of polyvinyl alco- 
5 hoi) (Mowiol 4-88 R . Hoechst) and 0.04%. by weight, of sodium dodecyl sulphate were used. The organic phase com- 
prised toluene with therein dissolved 0.5%, by weight, of toluene diisocyanate (T-80, Bayer) and as non-reactive 
polymer 0.75 g of Ak-Ol per gram T-80. 

The reverse osmosis properties of this membrane were determined at room temperature and at a pressure of 40 
bar in a solution comprising toluene with therein dissolved 1 .0%, by weight, of n-docosane with as result a toluene flux 
io of 37 l/rrr^/h and a n-docosane retention of 63%. 



Comparative Example XI I A 



The procedure of example XII was repeated. The organic phase did not contain Ak-Ol. This membrane showed a 
is tduenefluxof16IAn 2 /handan-doc»sanereterrtionof33%. 

From examples XII and XIIA appears the favourable influence of the non-reactive polymer on the flux and the reten- 
tion. 



Claims 



1. A semi-permeable composite membrane with a porous carrier substrate whereon a polymer network obtained by 
interfacial polymerisation is applied, said network comprises an additional polymer, characterized in that said 
additional polymer which is a non-reactive and non-ionic polymer is dissolved in the water phase or in the organic 
phase, from which said interfacial polymerisation occurs, which additional polymer is molecularly entangled in said 

25 network and influences in particular the selectivity and the permeability of the composite membrane. 

2. A semi-permeable composite membrane of claim 1 , characterized in that the non-reactive (and non-ionic) polymer 
is a polyalkyl siloxane either branched or not with the formula 

30 R 

f 

- (Si - 0)- a 



35 



45 



50 



wherein R and R-j independent of each other represent a C-i-Cgo alkyl or aryl group either substituted or not and n 
is an integral of 20-50.000 or a copolymer thereof. 

A semi-permeable composite membrane of claim 2, characterized in that the polyalkyl siloxane is a polycfl methyl 
siloxane with terminal tri methyl silyf groups. 

A semi-permeable composite membrane of claim 1 , characterized in that the non-reactive (and non-ionic) polymer 
is a polyacrytate or polymethacrylate with the formula 

-(CH 2 - C -)- n 
C - 0 

I 

OR 3 



wherein Rg = H or CH 3 and R 3 an alkyl either branched or not with 1 -20 carbon atoms, while n is an integral of a 10. 

5. A semi-permeable composite membrane of claim 1 , characterized in that the non-reactive (and non-tonic) polymer 
is a polyolefine either branched or not chosen from the group of polyisobutylene. polyisoprene or polybutadiene. 
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6. A semi-permeable composite membrane of claim 1 , characterized in that the non-reactive (and non-ionic) polymer 
is a block copolymer of styrene-butadiene-styrene, styrene-isoprene-styrene, styrene-ethylene-butylene-styrene 
etc. 

5 7. A semi-permeable composite membrane of claim 1 , characterized in that the non-reactive (and non-ionic) polymer 
is cellulose acetate. 

8. A semi-permeable composite membrane of claim 1 , characterized in that the non-reactive (and non-ionic) polymer 
is a polyalkylene oxide, in particular polyethylene oxide with the formula (CH 2 -CH 2 -0) n , wherein n is an integral of 

10 it 20. 

9. A semi-permeable composite membrane of claims 1-8, characterized in that the polymer regulating the membrane 
properties is present in the polymer network in a quantity of 5-90%, by weight, and preferably in a quantity of 10- 
60%, by weight, related to the total weight of the network. 

15 

10. A process for manufacturing a semi-permeable membrane by coating a porous substrate with a polymer network 
obtained by interfacial polymerisation, wherein the porous substrate is treated with a solution of at least one reac- 
tive polyfunction^ monomer or oligomer or prepolymer with as reactive groups -NHR 4 (R 4 = H or alkyl with CrC^o). 
-OH or -SH and eventually a surfactant in water, whereafter the so treated substrate is further treated with a solution 

20 of at least one reactive polyfunctional monomer or oligomer or prepolymer or polymer with as reactive groups - 
COX. -S0 2 X. -POXR 5 , -NRgCOX or -NCO, wherein X = CI. Br or I, wherein R 5 and Rg represent an alkoxy group 
or alkyt group with 1-16 carbon atoms, preferably 1-5 carbon atoms, in a suitable organic solvent, wherein a non- 
reactive and non-ionic polymer regulating the membrane properties according to claims 1-9 prior to the treatment 
of the substrate with the aqueous solution of the said reactive components is added in an amount of 5 - 90%, by 

25 weight and preferably in an amount of 10-60%, by weight related to the total weight of the networkto that solution 
in case the polymer is soluble in water, whereas in case the polymer solves in an organic solvent, this is added to 
the organic solution of said reactive components, whereafter the so treated substrate is dried and is or is not sub- 
jected to a heat treatment, subsequently. 

30 Patentanspruche 



1 . Eine semipermeable zusammengesetzte Membran rn'rt einem pordsen Tragersubstrat, auf das ein Polymernetz- 
werk, das durch eine Grenzf&chenpolymerisation erhalten ist aufgebracht ist, wobei das Netzwerk ein zusatzli- 
ches Polymer aufweist, dadurch gekennzeichnet. daB das zusatzliche Polymer, das ein nicht-reaklives und nicht- 
35 ionisches Polymer ist, in der Wasser-Phase oder in der organischen Phase airfgeldst ist aus der die Grenzfiach en- 
polymerisation stattfindet, wobei das zus&tzliche Polymer in das Netzwerk molekular verwickelt ist und insbeson- 
dere die Selektivitat und die Perrneabilitat der zusammengesetzten Membran beeinf lu&t 

2- Eine semipermeable zusammengesetzte Membran gernaG Anspruch 1, dadurch gekennzeichnet, daG das nicht- 
40 reaktive und nicht-ionische Polymer ein verzweigtes oder nichtverzweigtes Polyalkyl-Siloxan mrt tolgender Fbrmel 

ist: 



46 



so *M 



I 

(Si - O) - n 

I 

Ri 



wobei R und R1 unabhangig voneinander eine Ci-Qjq- Alkyl- oder-Aryl-Gruppe, die entweder substituiert Oder 
nicht-substituiert ist, wobei n eine ganze Zahl von 20-50.000 ist oder ein Copolymer derselben darstellen. 

66 - 

3- Eine semipermeable zusammengesetzte Membran gem£B Anspruch 2, dadurch gekennzeichnet da6 das Polyal- 
kyl-Siloxan ein Polydimethyl-Siloxan mit End-TrimethyhSilyl-Gruppen ist 
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4. Eine semipermeable zusammengesetzte Membran gemaB Anspruch 1, cladurch gekennzeichnet, da6 das nicht- 
reaktive und nicht-ionische Polymer ein Pdyacrylat oder ein Polymethacrylal mil der Forme! 



" (CH 2 - 



R 2 

I 

(C -> "n 
I 

c = o 



OR, 



ist, wobei R 2 = H oder CH 3 und R 3 ein entweder verzweigtes oder unverzweigtes Alkyl mil 1-20 Kohlensloffatomen 
ist, wahrend n eine ganze Zahl ^ 10 ist 

5. Eine semipermeable zusammengesetzte Membran gemaB Anspruch 1, dadurch gekennzeichnet, daB das nicht- 
reaktive und nicht-ionische Polymer ein entweder verzweigtes Oder nicht-verzweigtes Polyolefin ist, das aus der 
Gruppe aus Polyisobutylen, Polyisopren oder Poiybutadien ausgewahlt ist. 

6. Eine semipermeable zusammengesetzte Membran gemaB Anspruch 1, dadurch gekennzeichnet, daB das nicht- 
reaktive und nicht-ionische Polymer ein Block-Copolymer aus Styren-Butadien-Styren, Styren-lsopren-Styren, Sty- 
ren-Etylen-Butyfen-Styren, usw. ist. 

7. Eine semipermeable zusammengesetzte Membran gemaB Anspruch 1, dadurch gekennzeichnet, daB das nicht- 
reaktive und nicht-ionische Polymer Zellulose-Acetat ist. 

8. Eine semipermeable zusammengesetzte Membran gemaB Anspruch 1, dadurch gekennzeichnet, daB das nicht- 
reaktive und nicht-ionische Polymer ein Polyalkylen-Oxid, insbesondere ein Polyetylen-Oxid mrt der Formel {CH2- 
CH 2 -0) n , wobei n eine ganze Zahl £ 20 ist ist. 

9. Eine semipermeable zusammengesetzte Membran gemaB einem der AnsprOche 1 - 8, dadurch gekennzeichnet. 
daB das Polymer, das die Membraneigenschaften regelt, in einer Menge von 5-90 Qewichtsprozent, und vorzugs- 
weise in einer Menge von 10-60 Gewichtsprozenrt, bezogen auf das Gesamtgewicht des Netzwerks, in dem Poly- 
mer netzwerk vorli egt 

1 0. Ein verfahren zum Herstellen einer semipermeablen Membran durch das Beschichten eines porOsen Substrats mrt 
einem Polymernetzwerk, das durch eine Grenzfiachenpolymerisation erhalten wird, bei dem das pordse Substrat 
mrt einer L&sung aus zumindest einem reaktiven polyfunktionellen Monomer oder Oligomer Oder Prepolymer mit - 
NHR4 (R4 o H oder Alkyl mit C-j-Cao), -OH oder -SH als reaktiven Gruppen und schlieBlich einem grenzfiachenak- 
tiven StoH in Wasser behandelt wird, woraufhin das derart behandelte Substrat mit einer LOsung aus zumindest 
einem reaktiven polyfunktionellen Monomer Oder Oligomer oder Prepolymer Oder Polymer mit -COX, -S0 2 X, - 
POXR 5 , -NRsCOX oder -NCO als reaktiven Gruppen werterbehandett wird, mrtX = a, Br oder I, wobei R 5 und Re 
eine Alkoxygruppe oder eine Alkylgruppe mit 1-16 Kohlenstoffatomen. vorzugsweise 1-5 Kohlenstoffatomen, in 
einem geeigneten organischen Losungsmittel darstellen, wobei ein nicht-reaktives und nicht-ionisches Polymer, 
das die Membraneigenschaften gemaB den Anspruch en 1 - 9 regelt, vor der Behandlung des Substrats mrt der 
w&ssrigen L&sung aus den reaktiven Komponenten in einer Menge von 5-90 Gewichtsprozent, und vorzugsweise 
in einer Menge von 10-60 Gewichtsprozent, bezogen auf das Gesamtgewicht des Netzwerks, der L6sung hinzuge- 
f Qgt wird. falls das Polymer in Wasser lOslich ist, wohingegen, falls das Polymer in einem organischen Losungsmit- 
tel Idslich ist, dieses der organischen l_6sung aus den reaktiven Komponenten hinzugefugt wird, woraufhin das so 
behandelte Substrat getrocknet und nachfolgend einer warmebehandlung unterzogen wird oder nicht. 
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Revendications 

1 . Membrane composite semi-permeable avec un substrat de support poreux sur lequel on applique un reseau de 
polymere oblenu par polymerisation intertaciale, ledil reseau comprenant un poly m^ re supplemental, caracteri- 
see en ce que le polymere supplementaire. qui est un polymere non reactif et non ionique, est dissout dans la 
phase aqueuse ou dans la phase organique, a partir de laquelle ladite polymerisation interfaciale survient ce poly- 
mere supplemental est enchevetre moieculairement dans ledit reseau et exerce une influence en particulier sur 
la seledMte et sur la permeabilite de la membrane composite. 

2. Membrane composite semi-permeable selon la revendication 1 , caracterisee en ce que le polymere non r6actif et 
non ionique, est un polyalkyl siloxane ramtfie ou non ayant pour formule 



R 



- (Si-0)- n 



dans laquelle R et R 1( independamment Tun de I'autre. representent un groupement en C1-C20 alkyle ou aryle, 
substitue ou non, et n est en cela un nombre entier de 20 a 50 000 
ou un copolymere de celui-ci. 

3. Membrane composite semi-permeable selon la revendication 2, caracterisee en ce que le polyalkyl siloxane est un 
polydimethyl siloxane ayant des groupemerrtsterminaux trimethyl silyle. 

4. Membrane composite semi-perm6able selon la revendication 1 , caracterisee en ce que le polymere non reactif et 
non ionique est un polyacrylate ou un potymethacrylate ayant pour formule : 

R 2 



-(CH 2 -C-K 



C = 0 

I 

OR3 



dans laquelle R2 = H ou CH3. et Rq un alkyle ramif i6 ou non, ayant de 1 6 20 atomes de carbone, tandis que n est 
un nombre entier de valeur £10. 

5- Membrane composite semi-permeable selon la revendication 1 , caracterisee en ce que le polymere non reactif et 
non ionique est une polyoiefine ramifiee ou non, choisie dans le groupe du polyisobutylene, du polyisoprene et du 
polybutadiene. 

6. Membrane composite semi-permeable selon la revendication 1 , caracterisee en ce que ie polymere non reactif et 
non ionique est un copolymere en blocs styrene-butadiene-styrene, styrene-isoprene-styrene, styrene-ethyiene- 
butyiene-styrene, etc. 
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7. Membrane composite semi-permeable selon la revendication 1 , caracterisee en ce que le polymere non rSactrf et 
non ionique est de PacStatede cellulose. 

8. Membrane composite semi-permeable selon la revendication 1 , caracterisee en ce que le polymere non reactif et 
5 non ionique est un oxyde de polyalkyiene, en particulier un oxyde de polyethylene ayant pour formule (CH 2 -CH 2 - 

0) n , dans laquelle n est un nombre entier de valeur > 20. 

9. Membrane composite semi-permeable selon les revendications 1 a 8, caracterisee en ce que le polymere qui 
r6gule les proprietes de la membrane est present dans le r6seau de polymere en une quantite de 5 & 90 %. en 

10 poids, et de preference en une quantite de 10 & 60 %, en poids, par rapport au poids total du reseau. 

10. Precede de fabrication d'une membrane composite semi-permeable en enrobarrt un substrat poreux avec un 
reseau de polymere obtenu par polymerisation interfaciale, dans lequel on traite le substrat poreux avec une solu- 
tion d'au moins un monom6re ou un oligomere ou un prepolymere polyfonctionnel r6actif ayant des groupements 

15 reactrfs -NHR 4 (R 4 = H ou un alkyle avec (C-i -C20). -OH ou -SH) et eventuellement un agent tensio-actrf, dans leau, 
apres quoi on traite le substrat ainsi traite avec une solution cTau moins un monomere ou un oligomere ou un pre- 
polymere ou un polymere polyfonctionnel reactif ayant comme groupements reactifs -COX. -S0 2 X, POXR 5 , - 
NR^COX ou -NCO, dans lesquels X - CI, Br ou I; dans lesquels R 5 et Rs representent un groupement alkoxy ou 
un groupement alkyle avec 1 £ 16 atomes de carbone, de preference 1 & 5 atomes de carbon©, dans un solvant 
organique approprie. dans lequel un polymere non r6actif et non ionique qui regule les proprietes de la membrane 
selon les revendications 1 k 9, est ajoute, prealablement au traitement du substrat, k la solution aqueuse descGts 
composes reactrfs en une quantite de 5 £ 90 %, en poids. et de preference en une quantite de 10 & 60 %, en poids, 
par rapport au poids total du reseau au cas ou le polymere est soluble dans I'eau, alors qu'au cas ou le polymere 
se dissout dans un solvant organique, ce!ui-ci est ajoute & la solution organique desdHs composes reactifs, apres 

25 quoi on seche le substrat ainsi traite et par la suite, on le soumet ou non a un traitement par chauffage. 
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